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【論文の内容の要約】 
 
In the present study, enzyme-nanostructure systems were developed by 
utilising the electrohydrodynamic method for immobilizing enzyme into/onto 
nanofiber support. Cyclodextrin glucanotransferase (CGTase) and polyvinyl alcohol 
(PVA) was used as the model enzyme and polymer, respectively. The first approach 
involved direct incorporation of enzyme into the nanofiber by electrospinning of 
the enzyme/polymer mixture. The results revealed that the properties of the 
nanofibers (morphology, size and size distribution) is preserved upon addition of 
1% enzyme to the polymer solution. Moreover, the immobilized Enzyme/PVA nanofiber 
showed superior performance in terms of enzyme loading and acitvity in comparison 
with the Enzyme/PVA film, prepared from the same solution. The vapour phase 
crosslinking reaction applied to the Enzyme/PVA membranes after electrospinning 
caused no remarkable effect on the enzyme activity. With these promising findings, 
this approach was extended further with the use of higher enzyme concentration. It 
was found that the addition of enzyme in the range of 1.5% to 7.5% have remarkable 
effect on the jet break-up mechanism observed during electrospinning which 
consequently affected the nanofiber structure and size. Increasing the enzyme 
concentration in the polymer solution resulted in beaded and flattened fibers.  
To overcome this issue, a new approach was introduced in which the 
immobilization was achieved through electrospraying deposition of enzyme on 
electrospun nanofibers. Before immobilization, the process for transformation of 
the enzyme solution into solid particles by means of electrospraying in cone-jet 
mode was investigated. The findings revealed that the morphology and size of the 
enzyme particles can be tuned by changing the needle tip to collector distance 
during the particle deposition.  At the longer distance, agglomeration can be 
suppressed by allowing the enzyme droplets to undergo successive fission, 
producing enzyme particles with smaller size and uniform distribution. 
Immobilization of the enzyme particles was performed by subjecting the enzyme 
suspension and polymer solution to high voltage at opposite polarity to create 
strong electrostatic attraction, which therefore allows high concentration of 
enzyme to be deposited onto the nanofibers while preserving the nanofiber network 
structure. As a result, the catalytic efficiency was remarkably improved. To 
facilitate recovery from the reaction media, the immobilized enzymes were 
subjected to crosslinking reaction with glutaraldehyde vapor after the 
electrospinning. The developed immobilized enzyme system shows good reusability 
with the presence of residual enzyme activity after being reused for several 
cycles of enzymatic reaction. 
